Experimental data on J/ψ → φππ obtained recently by BES collaboration indicate that there is a possible new spin-0 state (f 0 (1790)) with a mass of m = 1790 +40 −30 MeV/c 2 and a width of Γ = 270 +60 −30 MeV/c 2 . We propose a new mixing scheme to accommodate this state assuming it is an iso-singlet 0 + (0 ++ ) state. To describe this state with the other three known iso-singlet states f 0 (1370), f 0 (1500), f 0 (1710) with masses near-by in a unified picture, it is necessary to enlarge the basis of two iso-singlet quarkonia:
Introduction
The BES collaboration has recently obtained evidence for a new broad state in the spectrum may be mixtures of a scalar glueball G, an iso-singlet quarkonium N = (uū + dd)/ √ 2 and an S = ss [3] . Several other authors have also discussed the mixing mechanism of the three resonant states and related phenomenology [4, 5, 6] . If the possible new f 0 (1790) state is another member of the 0 + (0 ++ ) family, it may also mix with the three known states. To describe this possible new state, it is necessary to enlarge the previously used basis in terms of constituent quarks and gluons. A natural way of achieving this is to introduce the qqg hybrid states. We therefore propose that the basis in terms of constituent quarks and gluons for unified description of states in the 0 + (0 ++ ) family is composed of the glueball state G, quarkonia N = (uū + dd)/ √ 2, S = ss and the two new hybrid states: (uū + dd)g/ √ 2 and (ss)g. With this picture, we predict existence of a yet to be discovered new physical state X.
Since the hybrid states have very different structure compared with the usual glueball and quarkonia, the new states will have some distinctive new signatures in some decays, especially for the doubly OZI suppressed decay processes. In this paper we study implications of this mixing mechanism.
Below the energy range of 1 to 2 GeV, there are also other 0 ++ states, such as f 0 (600) and f 0 (980) [2] . These states have masses much lower than that of other members of the 0 + (0 ++ ) family mentioned above, therefore f 0 (600) and f 0 (980) can hardly mix with the other heavier states. We will not discuss them in this paper.
If the parameters are known, one can diagonalize the mass matrix and obtain the eigenmasses and mixing parameters of the physical states. The mixing parameters are, however, completely governed by non-perturbative effects which cannot be reliably evaluated at present. Therefore, we will use the experimental data, as much as possible, as inputs to obtain the mixing parameters.
2 Determination of the mixing fractions of hybrid, glueball and quarkonia in the 0
We now study possible structure for the mixing. The effective Hamiltonian H for the system cannot be calculated from QCD yet because of complicated non-perturbative effects. With certain simplifications the form of the mass matrix for the G, N and S states has been suggested by Close et al. and some other authors [5, 6] , where G can strongly couple to both quarkonia N and S, but the element N|H|S is obviously OZI suppressed and can therefore be neglected at the lowest order approximation. Since this coupling is flavor-independent, one has the relation e = G|H|ξ S = G|H|ξ N / √ 2. In analog, we assume that only the coupling of glueball to the hybrids is strong, thus f = G|H|S = G|H|N / √ 2 is substantial while other matrix elements can be practically set to be null. With the approximation described here, the mass matrix can be expressed as
where
N|H|N are the diagonal matrix elements of M.
Diagonalizing the above matrix, one obtains the mass eigenvalues and physical states in terms of the quarkonia, hybrids and glueball. We parameterize the relation between the physical states and the basis as
Here the state X is an extra 0 ++ state predicted in this scheme.
As H is not derivable and therefore neither all the matrix elements, we need to determine them by fitting data except the scalar glueball mass M G . In our later discussions we will take the lattice calculation results of [7] to constrain M G within the range 1.5 ∼ 1.7 GeV . The mixing parameters v i , z i and y i depend on the seven parameters M ξ S ,ξ N ,G,S,N , e and f . The available data which are directly related to these parameters are the four known eigenmasses of f 0 (1790, 1710, 1500, 1370). To completely fix all the parameters, more information is needed. To this end, we use information from the ratios of the measured branching ratios of f 0 (1710, 1500, 1370) to two pseudoscalar mesons listed in Table 1 .
The effective Hamiltonian of scalar state decaying into two pseudoscalar mesons can be written as [8] 
X F and P F are the 3 × 3 flavor matrices of iso-singlet quarkonia components of X i where the subscript i = 1, ..., 5 labels the five physical states. The detailed expressions of X F and P F are given as [5] 
and
In the above, x η,η ′ and y η,η ′ describe the η − η ′ mixing, and
where θ = −19.1
is the mixing angle of η and η ′ .
The concrete expressions of X G and X H are
The f 6−10 terms in the above effective Hamiltonian describing the decay modes with two-meson final states are OZI suppressed as can be seen from Figure 1 ( (6)- (10)). The contributions from these terms can be neglected to a good approximation. Within this approximation, 5 parameters (actually 4 parameters ξ i = f 1+i /f 1 when considering ratios of branching ratios) are needed to describe decay modes with two pseudoscalar mesons in the final states. We obtain
/f 1 and ξ 4 = f 5 /f 1 and |p i | is the three-momentum of the final products in the center of mass frame of X i ,
and M P 2 are the mass of X i and two final pseudoscalar mesons, respectively.
Using the above mass matrix and the decay amplitudes, our task is now reduced to see if the four eigenmasses of f 0 (1370, 1500, 1710, 1790), and eight ratios of the branching ratios listed in Table 1 can be described by the 11 parameters (7 parameters in the mass matrix with M G in the range of 1.4 to 1.7 GeV plus the 4 parameters ξ i in the decay amplitudes) in some reasonable ranges. This by no means is a trivial task. We, however, do find parameter spaces which can give reasonable fit to experimental data. Since the mass of X is not known, we consider two types of solutions for the mass M X of X: (a) M X > M f 0 (1790) , and
We display the results in the following.
In Table 2 , we list the input parameters and the resulting eigenmasses and branching There are some differences for case (b) from case (a). The input parameters, the resulting eigenmasses and branching ratios obtained are also listed in Table 2 However, due to large error associated with the data, this case cannot be ruled out at present.
This may provide a crucial criteria to distinguish the two cases.
3 Decays of f 0 (1790) and X There are many possible decay modes for the new state f 0 (1790) and possible X. We will consider several two-body decay modes of these states. They are f 0 (1790)(X) decays into two pseudoscalar-mesons, two vector-mesons and two-photons.
The two-pseudoscalar meson decays have been given in the previous section. In the previous section we have used several of these decay modes involving f 0 (1370, 1500, 1710) to fix the parameters. Using the mixing parameters determined, the decay modes for f 0 (1790) and X can be predicted. We obtain the results for cases (a) and (b) in the following. We have formulated the decay widths of X i → P P ′ in eqs. (9) to (12), by them we obtain ratios of Γ(f 0 (1790)(X) → P P ′ )/Γ(f 0 (1710) → KK). Then using the measured value of Γ(f 0 (1710) → KK), we obtain the corresponding values for f 0 (1790)(X) → P P ′ in our Table 3 1 .
Now let us turn to the case of decays with two vector mesons V V ′ in the final state.
The effective Hamiltonian is similar to that for the pseudoscalar-meson case and its explicit expression is collected in the appendix.
Since the measurements on such V V ′ channels, even for the confirmed resonant states f 0 (1370), f 0 (1500) and f 0 (1710) are absent, it is not possible to make a definite evaluation on their branching ratios yet, and even the ratios among the branching ratios. But these decay modes should occur with substantial branching ratios. We will come back to this later.
We now consider the two-photon decay modes. In the spirit of Ref. [10] that the decay amplitude is proportional to the electric charge coupling of the two photon at the quark level, ignoring mass-dependent effects, we obtain For case (a) 
For case (b) Using known experimental data, we have been able to obtain information on the mixing parameters. The related phenomenology indicates that the parameters obtained from this fitting are within reasonable ranges. If the f 0 (1790) state is confirmed, this scheme predicts the existence of a new particle X. This can be tested further with BES data.
The decay channels of f 0 (1790) ad X to two pseudoscalar mesons can provide important information about the mixing mechanism and distinguish cases (a) and (b). For case (a) all possible decay modes have large branching ratios which may be measured by improved experiments, whereas for case (b), the decays of f 0 (1790) to ηη, ηη ′ , and X to ηη ′ have substantially smaller branching ratios. Particularly the ratio for
is a very important criterion to test which case is more realistic since for case (a) this ratio is about 2 and for case (b) it is about 0.4. This can be easily understood by noticing that the main component of f 0 (1790) in case (a) is g(uū+dd)/ √ 2 which has a much larger probability to transit into ππ compared with case (b) where the main component of f 0 (1790) is gss.
Therefore the central value (3.88) of the present data favors case (a) over case (b) although a definitive conclusion cannot be drawn at this stage due to larger experimental errors.
Another interesting fact to note is that [14] f 0 (1710) is observed in the KK spectrum in J/ψ → ωKK and J/ψ → φKK decays, but not in J/ψ → φππ. There has been some theoretical effort to explain this observation [15] . In our picture this is also very natural since the main component of f 0 (1710) is ss which does not directly transit to ππ, so that f 0 (1710) → ππ would be much suppressed compared with f 0 (1710) → KK.
Obviously, by contraries, the radiative decay modes to γγ would be very difficult to measure via J/ψ → γf 0 (1790)(X) → γγγ , because the final states with only three photons are hard to be reconstructed. We hope that our experimental colleagues can figure out some ways to make the difficult measurements.
With the present data, we are not able to make detailed predictions for the decay modes with two vector mesons in the final state. However, from the diagrams shown in Fig.1 Note Added When we were ready to submit this paper, we saw a paper on the archive by B. A. Li (hep-ph/0602072) [16] who cited that the BES collaboration reported [17] the observation of a state X(1810) in the spectrum of ωφ in J/ψ → γωφ. This newly observed state fits our prediction of case (a) well. B. A. Li proposed that the X(1810) to be a four quark state which is different than our hybrid state description.
The effective Hamiltonian of a scalar meson decaying into final vector mesons is given by
where V F is 3 × 3 matrices for the nonet vector mesons
Neglecting the OZI suppressed decay amplitudes, g 6−10 , we obtain the general expressions of the rates of the mixed states decaying into two vector mesons as the following
with
where M V 1 and M V 2 denote the masses of the final vector mesons. Table 2 : The values for the parameters in the mass matrix in eq.(1) and the ratios of coupling constants in eqs. (9)- (12). Table 3 : The branching ratios of f 0 (1790) → P P ′ and the widths of X → P P ′ . Figure 1 : The diagrams correspond respectively to terms in eq.(3). The last five terms are OZI suppressed ones. The processes of X i → V V ′ can be described by the same diagrams with the two pseudoscalar mesons in the final states replaced by two vector mesons.
